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Section I

INTRODUCTION

During the past 21 years, a series of tests has been conducted in which a

variety of residential dueliings %kere exposed to the air blast from high explo-

sives a ,d nuclear events. These tests were sponsored by several different

agencies, including the Defense Nuclear Agency (DNA), the Atomic Energy Commi-

sion (AEC), the Department of Defense Explosives Safety Board (DODESB), and the

Office of Civil Defense (OCD), no. the Defense Civil Preparedness Agency (DCPA).

The purpose of this project was to review the reports and data from these

tests and summarize the available house-damage data, and to develop means b

waich the house damage could be evaluated.

The houses discussed in this report are separated into the following cate-

gories:

Type I Two-story, center-hall, wood frame house with a full basement

Type II Two-story, brick and concrete block, center-hall house with a
full basement

Type III One-story, wood-frame, ranch-style house on a concrete slab

foundat:on

Type IV Two-story, brick apartment house with heavy shear walls (Eurc -
pean-type construction)

Sub-categories of these houses are as follows:

9 Strengthened (blast resistant) versions of above types, and

* Repa:red houses which had previousiy sustained blast damage.

A summary of the tests and houses which are included in this study is

presented in Table 1-1. Included in this table are the type if house, the test

location, the charge type and size, the peak overpressure, and ground range.

N I 1 li
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REPORT ORGANIZATION

It will be noted in Table 1-I that the majority of tests were conducted

on the Type I house, a two-story, woot frame structure. A description of this

type (.f house and the data from the tests with this house are presented in

Section 2. Similar data for Types II, III, and IV structures are presented in

Sections 3, -1, and 5. respectivelv. A summary of the data from all the houses

and means for evaluating the damage both objectively and subjectively are pre-

sentd in Section 6. To s.:pplement the house-test data, additional static

test data, and data for wall panel tests conducted in the URS Shock Tunnel for

the !r.f-nse Civil Preparedness Agency are included in Appendix A.

A special report on damage to miscellaneous structures during Operation

Castle is presented in Appendix B.

2
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Fron't View

saw.

Right Side

Fig. 2-1 Photographs of Type I House
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Sole plate to joist or blocking 20d-16 in. o.c.

Top plate to stud, end-nail 2-16d
Stud to sole plate, toe-nail 3-16d

Double studs 16d-30 in. o.c.

Top plates, spiked together 16d-24 in. o.c.

Laps and intersections 3-16d

To parallel alternate rafters 3-16d

Rafter to plate 3-16d

I- by 8-in. sheathing or less, to bearing 2-8d

Over 1- by 8-in. sheathing, to bearing 3-8d

Corner studs and angles 3-8d

Other joists, nail to provide proportionate strength

Headers over openings shall be not less than the following sizes:

Size Max. span (in.)

Two 2 by 4's on edge 3 ft 6

Two 2 by 6's on edge 4 ft 6

Two 2 by 8's on edge 6 ft 0

Two 2 by 10's oi edge 7 ft 6

Interior walls shall have 3/8-in. gypsum lath nailed direct to wood

studs and have one coat of gypsum plaster 3/8-in. thick.

TEST DESCRIPTIONS AND RESULTS

As noted in Table 1-1, a total of 11 tests were conducted with the Type

I, two-story, wood frame house. Four of the houses were exposed to the air

blast from nuclear devices, and the remaining 7 to the air blast from various

quantities of high explosives, ranging in size from approximately 2500 lb to

500 tons. These tests are summarized below.

I
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NUCLEAR TESTS
CHARGE PEAK

HObSE NO. SIZE OVERPRESSURE
(kt) (psi)

I-I 16.4 1.7

1-2, 16.4 5.0
1-3. 30.0 4.0

1-4 30.0 2.6
,

These were strengthened versions of
the Type I house.

HIGH EXPLOSIVE TESTS
CHARGE PEAK

HOUSE NO. SIZE OVERPRESSURE

(Ib) (psi)

1-5 10,000., 1.3
1-6 1KO00 1.2
1-7 1,000,000 1.5
1-8 200,000 1.6
1-9 1,000,000 2.7
1-10 2,550

I-li 3,500I *i

Two 5000-lb charges detonated ap-
proximately 20 msec apart.

Test Description, Houses I-i and 1-2

In 1953, during Operation UPSHOT-KNOTHOLE, two Type I houses were exposed

to a 16.2 kt nuclear device (Annie) exploded at an altitude of 300 ft. These

houses were constructed as described in the specifications given earlier in

this section. The test results were obtained primarily from Ref. 1.

Test Results, House 1-1

This house was located at 7500 ft from ground zero where the incident

peak overpressure was 1.7 psi. Post-test phocographs of the exterior of the

house are presented in Fig. 2-4. Doors, windows, and window frames were

either blasted out of the walls or remained in place in a badly damaged condi-

tion. In general, the window glass was shattered into small particles and

scattered uniformly about the exterior of the house. The only windows

12
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Front and Right Side

Rear and Rlight Side

Fig. 2-1. Post -Test Photos, HIouse I-I
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remaining intact were four windows at the rear of the house which were

sheltered by interior partitions, and the rear basement windows, which wt-re

blown open inwardly. The majority of the 2- by 8-in. floor joists of the

front floor system were undamaged. Exceptions were a broken joint under the

kitchen, three broken joists under the dining room, and the damage under

the living room as shown in Fig. 2-5.

The joists framing into the double header were dcsipTn,.d to be supported

by steel joist hangers but were only spiked to the headers. These nails

bent, allowing the supported joists to drop about S in. at the support,

splitting one joist and pulling out the nails that secured the subflocrlng

to thu joists. The trimmers were shown on Iho architectural drawings as

>eing doubled, but in the construction they were single joists and one fkiled

it, horizontal siear and one in bending.

Figure 2-6 shows the extensive plaster damage and the oae broken first

toor stud. fhs is a view of the area near the front entrance, taken from

the livinf,, room. Plaster cracks around the fireplace indicated that there

L.d been some inward deflection of the studs in this area.

T , kitchen in te rear of the 1house was protected somewhat by the

partition wail between it and the dining room, yet furniture was thrown about.

The do(r to the dining room was broken and portions of it were embedded in

the plaster of the rear wall, as shown in Fig. 2-7. The kitclen wall on the

side of the hoisf between the door and window, bulged slightl-! inward, causing

plaster crdcks. The studs in this parL of the wall may have been broken.

Figure 2-8 is a view of the master bedroom after the blast, looking

towaid ground zero. Deflection and splitting of the second story studs in

the front wall caused considerable plaster damage in this room. Damage to

the ceiling may have been caused by unequal pressures in the attic and

second story, or by the werkening of the p. aster due to blast, with later

removal by the wind. In the front bedroom one broken stud was noted; and

judging from the hori-ontal plaster crack, it is probable that other studs

were split.

1,1
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Front Floor Joists

Rear Floor Joists

Fi6. 2-3. Floor Joist Damnage Under Living Room, hfouse1-
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